A Gram-stain-positive, non-motile, non-spore-forming, rod-shaped bacterium, designated strain K-1 T , was isolated from soil at a sucrose refinery in Japan. The strain grew at 9-37 6C (optimum, 30 6C) and at pH 6-11 (optimum, pH 7.0). Phylogenetic analysis based on the full-length 16S rRNA gene sequence of strain K-1 T revealed that it was a member of the genus Microbacterium.
, which was originally isolated from soil at a sucrose refinery in Japan by an enrichment culture of bacteria using sucrose as a sole carbon source. Strain K-1
T is now being used as a producer of b-fructofuranosidase (EC3.2.1.26, b-FFase) which catalyses a transfructosyl reaction that produces lactosucrose from lactose and sucrose. As lactosucrose is registered as a Food for Specified Health Uses (FOSHU) by the Consumer Affairs Agency of Japan, strain K-1 T is of industrial importance, and its characterization was therefore undertaken in this study.
Strain K-1 T was routinely cultured using agar slants composed of Trypticase Soy Broth (TSB; Becton Dickinson) medium containing 1.5 % agar. Microbacterium pumilum NBRC 101279
T (Kageyama et al., 2006) and Microbacterium deminutum NRRL B-24453 T (Kageyama et al., 2006) were used as reference strains for comparative phenotypic studies. For observation of cell morphology, strain K-1 T was incubated in a 500 ml shaking flask containing 60 ml TSB medium at 30 u C for 2 days on a reciprocal shaker at 110 r.p.m. and cells were then examined using a JEM-1210 transmission electron microscope (JEOL). To test endospore production, cells were grown on endospore-forming medium (0.07 % yeast extract, 0.1 % tryptone, 0.1 % glucose, 0.02 % (NH 4 ) 2 SO 4 , 0.02 % MgSO 4 ? 7H 2 O and 0.1 % K 2 HPO 4 ; pH 7.0) for 4 days. The influences of environmental factors such as pH, salinity and temperature on the growth of strain K-1 T were examined in liquid medium by monitoring the increase in OD 600 of the culture. Growth at different salt concentrations (0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0 and 5.0 %, w/v) and temperatures (8, 15, 20, 25, 30, 33, 35, 37, 39, 41 and 43 u C) was examined using onefifth-strength nutrient broth medium (NB; Becton Dickinson; pH 7.0). For determining the pH range for growth, NB medium was adjusted to various pH values (pH 3.0-11.0, at intervals of 0.5 pH units) by the addition of HCl or KOH.
Gram staining was carried out using a Gram Stain kit (Wako) according to the manufacturer's instructions. Cell motility was determined by observation of the spread of cells in test tubes containing semi-solid modified TSB medium with 0.6 % agar after 3 days incubation at 30 u C. Oxidase activity was evaluated via the oxidation of 1 % p-aminodimethylaniline oxalate. Catalase activity was evaluated by bubble production after the application of 3 % (v/v) hydrogen peroxide. Measurement of nitrate reduction and indole production and the methyl red test were performed as recommended by Ventosa et al. (1982) and Harrigan & McCance (1976) . Hydrolysis of casein, gelatin and starch was determined as described by Cowan & Steel (1965) and Tindall et al. (2007) . Urease activity was tested according to the method of Christensen (1946) . Tests for the production of constitutive enzymes were performed with API ZYM strips (bioMérieux) according to the manufacturer's guidelines.
Total genomic DNA of each strain was extracted and purified according to the method described by Wilson (2001) with slight modifications. The G+C content of the genomic DNA was determined by the method of Tamaoka & Komagata (1984) . DNA-DNA hybridization was performed fluorometrically using DNA probes labelled with photobiotin (Ezaki et al., 1989) . The hybridization was conducted in triplicate for each sample. The 16S rRNA gene was amplified using the universal primers 27F and 1492R (Lane, 1991) . Purified PCR products of approximately 1.5 kb length were directly sequenced using an ABI 3730 sequencer (Applied Biosystems) and compared with sequences available from the GenBank database using ARB software (Ludwig et al., 2004 , Kumar et al., 2005 , Kumar et al., 2006 . Phylogenetic analyses were performed using maximumlikelihood (Felsenstein, 1981) , neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1992) and maximum-parsimony (Fitch, 1971 ) algorithms. A phylogenetic tree was constructed using the neighbour-joining algorithm, and evolutionary distances were calculated with the general time-reversible model (Tavaré, 1986; Zwickl & Holder, 2004) with Rarobacter faecitabidus NBRC 14760 T as an outgroup. A bootstrap analysis (Felsenstein, 1985) was performed with 1000 resampled datasets to estimate the reliability of the tree topology ( Fig. 1 ).
Cellular fatty acids were extracted from cultures grown in TSB at 27 u C for 3 days, derivatized to methyl esters, and analysed by gas chromatography as described by Sasser (1990) . N-Acyl types of muramic acid were determined using the method of Uchida & Aida (1977) . Purified cell wall was obtained by the method of Kawamoto et al. (1981) . One milligram of purified cell wall was hydrolysed at 100 uC with 1 ml 6 M HCl for 16 h. The residue was dissolved in 100 ml double-distilled water and was used for amino acid analysis. Composition of amino acids was determined by HPLC. Cell-wall sugars were obtained according to the method of Kawamoto et al. (1981) , and samples were analysed by using the method of Becker et al. (1965) ; the presence of mycolic acid was examined by the TLC method of Yano et al. (1972) . Menaquinones were extracted and purified by the method of Collins et al. (1977) and then analysed by HPLC (Tamaoka et al., 1983) .
T was Gram-stain-positive, aerobic, non-motile, non-spore-forming, short rod, approximately 0.2-0.6 mm wide and 0.4-1.2 mm long. The physiological and biochemical characteristics of strain K-1 T , which are presented in the species description, were typical of members of the genus Microbacterium. The neighbour-joining phylogenetic tree based on 16S rRNA gene sequences among species of the genus Microbacterium (Fig. 1) showed that strain K-1 T had the closest phylogenetic affinity to M. pumilum NBRC 101279 T and M. deminutum NRRL B-24453 T with a high level of bootstrap support. The topologies of phylogenetic trees reconstructed using the minimum-evolution method (Fig. S1 , available in IJSEM Online) and maximumlikelihood method also supported the results that strain K-1 T formed a stable clade within the genus Microbacterium. Based on the comparison of 16S rRNA gene sequences, strain K-1 T shared the highest sequence similarity with M. pumilum NBRC 101279 T (99.7 %) and M. deminutum NRRL B-24453 T (99.5 %). However, the DNA-DNA hybridization values between strain K-1 T and M. pumilum NBRC 101279
T and M. deminutum NRRL B-24453 T were only 12 % and 10 %, respectively. Standard deviations of individual measurements were less than 5 %.
As shown in Table 1 , strain K-1 T could be clearly distinguished from both M. pumilum NBRC 101279 T and M. deminutum NRRL B-24453
T by the ranges of NaCl concentration, temperature and pH permissible for growth, the assimilation of mannitol, the cell-wall diamino acid, major menaquinones and N-acetylglucosaminidase activity. Strain K-1 T grew at 37 u C, whereas, M. pumilum NBRC 101279 T and M. deminutum NRRL B-24453 T were unable to grow at this temperature. The predominant menaquinones of strain K-1 T were MK-12 (61.2 %) and MK-13 (32.7 %). Profiles of the major fatty acids of strain K-1 T and those of M. pumilum NBRC 101279 T and M. deminutum NRRL B-24453 T are shown in Table 2 . The predominant fatty acids of strain K-1 T were anteiso-C 17 : 0 (26.2 %) and anteiso-C 15 : 0 (61.7 %), while iso-C 17 : 0 was not detected. The DNA G+C content of strain K-1 T was 73 mol%. The peptide subunit of the cell-wall peptidoglycan of strain K-1 T contained alanine, lysine, homoserine, 3-hydroxyglutamic acid and glycine; ornithine was not detected. On the basis of these phylogenetic, genomic and phenotypic data, it is apparent that strain K-1 T represents a novel species within the genus Microbacterium, for which the name Microbacterium saccharophilum sp. nov., is proposed. Cells are Gram-stain-positive, aerobic, non-motile, nonspore-forming, short rods, approximately 0.2-0.6 mm wide and 0.4-1.2 mm long. Colonies are circular, convex, yellow and smooth after 48 h incubation at 30 u C on TSB agar medium. The temperature range for growth is 9-37 u C, with optimal growth at 30 u C. The pH range for growth is pH 6.0-11.0, with optimal growth at pH 7.0. Able to tolerate 1 % (w/v) NaCl, but cannot grow at 1.5 % (w/v) NaCl. Positive result in tests for catalase activity, gelatin hydrolysis, acid production from fructose, mannitol and xylose, production of lipase (C8), leucine arylamidase, valine arylamidase, naphthol-AS-BI-phosphohydrolase, bfructofuranosidase and b-galactosidase, but negative result for oxidase, urease, esterase (C4), cystine arylamidase, trypsin, chymotrypsin, acidic phosphatase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetylglucosaminidase, amannosidase and a-fucosidase activities, methyl red test, starch hydrolysis, indole production, H 2 S production, NO 3 reduction and citrate assimilation. The predominant menaquinones are MK-12 and MK-13. The major fatty acids are anteiso-C 17 : 0 and anteiso-C 15 : 0 . The diamino acid in the cell-wall peptidoglycan is lysine.
Description of
The type strain, K-1 T (5NBRC 108778 T 5NCIMB 14782 T ), was isolated from a sucrose refining factory in Japan. The DNA G+C content of the type strain is 73 mol%. 
